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ABSTRACT 

Weight estimates for the Radioisotopic Brayton Cycle 

being developed by NASA-Lewis are presented. Flight system 

weights are seen to range from 300 - 650 lbs/KWe f o r  a 6.8 

KWe unit depending upon the extent of future technological 

progress. 
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MEMORANDUM FOR FILE 

The R a d i o i s o t o p i c  Brayton  Cycle  ( R B C )  i s  a l e a d i n g  
c a n d i d a t e  f o r  t h e  e l e c t r i c a l  power subsys t em on-board a m i d -  
s e v e n t i e s  manned s p a c e c r a f t .  The p u r p o s e  o f  t h i s  memorandum 
i s  t o  p r e s e n t  we igh t  e s t i m a t e s  b o t h  f o r  t h e  RBC as i t  i s  now 
e n v i s a g e d  as w e l l  as a p r o j e c t e d  we igh t  es t imate  r e f l e c t i n g  
p o s s i b l e  t e c h n o l o g i c a l  advances t h a t  appear a c h i e v a b l e  i n  t h e  
n e a r  f u t u r e .  

2 a d i o i s o t o p i c  Bray ton  Cycle  ( R B C )  

The Large Heat S o u r c e / I s o t o p e  Re-entry V e h i c l e  (LHS/ 
I R V )  for t h e  RBC has been  d i s c u s s e d  i n  a p r e v i o u s  memo.' 
s c h e m a t i c  d i ag ram o f  t h e  LHS/IRV coup led  t o  t h e  Bray ton  Cyc le  
e n e r g y  c o n v e r s i o n  equipment  i s  shown i n  F i g u r e  1. C u r r e n t  
d e s i g n s 2  e n v i s i o n  t h e  f u e l  array as a s lab  r a d i a t i n g  i t s  thermal  
e n e r g y  t o  t h e  Bray ton  Cycle  h e a t  exchange r .  The p u r p o s e  o f  t h e  
r e - e n t r y  body i s  t o  p r o t e c t  t h e  f u e l  array d u r i n g  any normal  or 
abnormal  r e - e n t r y  mode. 

A 

A p r e l i m i n a r y  desigr\, f o r  t h e  LHS/ IRV i s  c u r r c n t l y  
underway by AVCO f o r  NASA-Lewis. The d e s i g n  i s  based upon a n  
assembly  of  2000°F, Plutonium-238 o x i d e  f u e l  c a p s u l e s  w i t h  a 
t o t a l  thermal  o u t p u t  o f  25 K W t .  The Bray ton  Cycle  r o t a t i n g  
machinery i s  a l s o  b e i n g  developed  by  NASA-Lewis and has a 1600OF 
t u r b i n e  i n l e t  t e m p e r a t u r e  r e s u l t i n g  i n  a nominal  6 . 8  KWe o u t p u t .  
A t e n t a t i v e  date  f o r  t h e  coup l ing  o f  t h e  heat  s o u r c e  t o  t h e  
ene rgy  c o n v e r s i o n  equipment f o r  combined sys t ems  t e s t i n g  i s  1971.  

An est imated we igh t  s t a t u s  f o r  t h e  RBC i s  i n d i c a t e d  
i n  T a b l e  1. The column marked " c u r r e n t "  r e p r e s e n t s  a c o n s e r v a t i v e  
weight  es t imate  f o r  t h e  sys tem as i t  now s t a n d s  (shown i n  F i g u r e  1) 
e x c e p t  f o r  t h e  waste heat  r a d i a t o r  which can  be  i n c o r p o r a t e d  
i n t o  t h e  s p a c e c r a f t  s t r u c t u r a l  s h e l l  a t  r e l a t i v e l y  l i t t l e  weight  
p e n a l t y .  The "improved c u r r e n t "  column r e p r e s e n t s  a modest 
d e s i g n  e v o l u t i o n  t o  a f l i g h t - w e i g h t  s y s t e m .  The column marked 
" d e s i g n  e v o l u t i o n "  r e p r e s e n t s  t he  e f f e c t  o f  some i m p o r t a n t  
t e c h n o l o g i c a l  advances  t h a t  could  o c c u r  i n  t ime t o  i n f l u e n c e  
t h e  o v e r a l l  s y s t e m s  c o n f i g u r a t i o n  by 1 9 7 1 .  
a re  s e e n  t o  r a n g e  from 300-650 lbs/KWe f o r  a 6 . 8  KWe s y s t e m .  
F u r t h e r  e l a b o r a t i o n  on T a b l e  1 f o l l o w s .  

T o t a l  sys t em w e i g h t s  
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LHS/IRV Weight S u b t o t a l  

The b i g g e s t  s i n g l e  impact  on t h e  d e s i g n  o f  t h e  LHS/IRV 
would be  t h e  e a r l y  development of  "vented"  PU-238 f u e l  c a p s u l e s .  
The b a s i c  i dea  i n v o l v e d  i n  v e n t i n g  i s  t o  p r e f e r e n t i a l l y  l e a k  t h e  
h e l i u m  g a s  g e n e r a t e d  by t h e  a l p h a  e m i t t i n g  f u e l  t h r o u g h  a p l u g  
i n  t h e  f u e l  c a p s u l e  wa l l .  Extreme c a r e  must b e  t a k e n  t h a t  
p l u t o n i u m  and /o r  oxygen does  not  l e a v e  a n d / o r  e n t e r  t h e  f u e l  cap-  
s u l e  as w e l l .  I n  t h i s  w a y ,  t h e  weight  p e n a l t y  a s s o c i a t e d  w i t h  
making e a c h  f u e l  c a p s u l e  a h igh  t e m p e r a t u r e  p r e s s u r e  v e s s e l  for 
t h e  c o l l e c t i o n  of  he l ium gas can be  avo ided .  Es t imates  by t h e  
Oak Ridge N a t i o n a l  L a b o r a t o r y  i n d i c a t e  t h a t  t h e  w e i g h t  o f  t h e  
a r r a y e d  f u e l  c a p s u l e s  might  drop as much as a f a c t o r  o f  2 t o  4 
if t h e  v e n t i n g  problem can  b e  s o l v e d  s a t i s f a c t o r i l y . 2  
c u r r e n t  LHS d e s i g n  i n v o l v e s  about  1 6 0  c a p s u l e s  a t  4 . 5  l b s  a p i e c e ,  
t h e  n e t  s a v i n g s  on l i g h t e r  f u e l  c a p s u l e s  a l o n e  might  be  i n  t h e  
ne iqhborhood of  400  lbs. 

1 

S i n c e  t h e  

The a b i l i t y  t o  c o n s t r u c t  a l i g h t e r  and more compact 
f u e l  b l o c k  a s sembly  o b v i o u s l y  r e s u l t s  i n  l e s s e n e d  s t r u c t u r a l  
and r e - e n t r y  p r o t e c t i o n  r e q u i r e m e n t s .  Shadow s h i e l d  w e i g h t s  
a l s o  r e d u c e  c o n s i d e r a b l y  f o r  smaller d i a m e t e r  heat  s o u r c e s .  It 
s h o u l d  b e  p o i n t e d  o u t ,  however, t h a t  a lower  l i m i t  t o  t h e  f u e l  
b l o c k  diameter c o u l d  b e  d i c t a t e d  by (1) i n s u f f i c i e n t  f u e l  c a p s u l e  
s u r f a c e  area f o r  hea t  t r a n s f e r  t o  t h e  h e a t  e x c h a n g e r  or for emer- 
gency heat r e j e c t i o n ,  ( 2 )  p o t e n t i a l  c r i t i c a l i t y  f o r  such  a com- 
p a c t e d  d e s i g n ,  and ( 3 )  n e c e s s i t y  o f  k e e p i n g  f r o n t a l  area l a r g e  
enough s o  t h a t  W/CDA i s  low and t h e  chances  o f  s u r f a c e  b u r i a l  
a re  minimal .  I f  compact d e s i g n s  a r e  a c c e p t a b l e  from a s a f e t y  
v i e w p o i n t ,  t h e n  t h e  r equ i r emen t  f o r  s u f f i c i e n t  hea t  t r a n s f e r  area 
t o  t h e  Bray ton  Cycle equipment may r e q u i r e  someth ing  l i k e  a con- 

3 v o l u t e d  hea t  exchange r  p e n e t r a t i n g  an  assembly  o f  f u e l  c a p s u l e s .  
C o n f i g u r a t i o n s  o f  t h i s  t y p e  were i n v e s t i g a t e d  i n  a p r e v i o u s  s t u d y  
and were found t o  r e d u c e  I R V  diameters and w e i g h t s  by a t  l e a s t  3 0 % .  

Power Convers ion  Uni t  ( P C U )  P a c k a E  

The 1070 l b  PCU package weight  i s  based upen est imates  
from t h e  p r o t o t y p e  u n i t  b e i n g  assembled a t  NASA-Lewis.4 
t o t a l  P C U  weight  i n c l u d e s  a l l  t u rbomach ine ry ,  b o t h  hea t  e x c h a n g e r s ,  
r e c u p e r a t o r ,  d u c t i n g  and i n s u l a t i o n ,  c o n t r o l s ,  and gas management 
s y s t e m .  "Cur ren t "  d e s i g n  ph i losophy  i s  shown i n  T a b l e  1 t o  
r e q u i r e  two m u t u a l l y  r edundan t  P C U  packages  plumbed t o g e t h e r .  It  
i s  p e r h a p s  more r e a s o n a b l e  t o  l i m i t  redundancy t o  f a i l u r e  s u s c e p t i -  
b l e  components such  as t h e  r o t a t i n g  machinery .  The weight s a v i n g s  
i n c u r r e d  w i t h  t h i s  modus o p e r a n d i  a r e  shown i n  t h e  o t h e r  two 
columns o f  T a b l e  1. 

The 
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A d e t a i l e d  breakdown o f  t h e  PCU package we igh t  i s  
shown i n  T a b l e  2 .  B a t t e r i e s  used for sys tem s t a r t u p  and 
shutdown a r e  n o t  shown because  t h e i r  we igh t  can  b e  cha rged  
(or s h a r e d )  w i t h  o t h e r  subsys tems on-board t h e  s p a c e c r a f t .  The 
PCU package i s  s i z e d  t o  o p e r a t e  between 2 . 2 5  K W e  and 1 0  K W e  
depend ing  upon s y s t e m  p r e s s u r e .  A s  a r e s u l t ,  t h e  sys t em com- 
p o n e n t s  a re  o v e r s i z e d  (and  t h u s  o v e r w e i g h t )  f o r  any power r e q u i r e -  
ment l e s s  t h a n  1 0  KWe. F u r t h e r  we igh t  r e d u c t i o n s  c o u l d  e v e n t u a l l y  
e v o l v e  t h r o u g h  t h e  r ep lacemen t  o f  t h e  l i q u i d  h e a t  r e j e c t i o n  l o o p ,  
f o r  example,  w i t h  h e a t  p i p e s .  

I n  summary, i t  shou ld  b e  p o i n t e d  o u t  t h a t  pe r fo rmance  
and weight  c h a r a c t e r i s t i c s  o f  t h e  RBC are  c o n t i n u o u s l y  chang ing  
as NASA-Lewis g e t s  more e x p e r i e n c e  w i t h  t h e  r o t a t i n g  mach ine ry .  
It i s  c l e a r ,  however,  t h a t  s i g n i f i c a n t  weight  r e d u c t i o n s  w i l l  
o c c u r  i f  (1) v e n t e d  f u e l  c a p s u l e  t echno logy  i s  s u c c e s s f u l l y  
deve loped  and ( 2 )  r ep lacemen t  r a t h e r  t h a n  redundancy i s  used 
t o  o b t a i n  r e l i a b i l i t y  from t h e  energy  c o n v e r s i o n  equipment .  

1 0  13- CPW-nmm 
C. "U++j$L 
C .  P .  Idi tze  

At tachments  



DESIGN 
EVOLUTION 

TABLE 1 

RADIOISOTOPIC BRAYTON CYCLE WEIGHT STATUS 

I ITEM 

F u e l  Block Assembly 

Re-entry P r o t e c t i o n  

S t r u c t u r e  

A b o r t  Rockets  

Recovery Aids 

LHS/IRV S u b t o t a l  
( 2 5  KWT) 

P C U  Package 

E x t r a  PCU Uni t  

Spa re  PCU P a r t s  

Sonver s ion  Uni t  
S u b t o t a l  

s h i e l d  

i'0 'I' A L 

l u t p u t  6 . 8  KWe 

3pe c i f ' i c  Weight 

CURRENT 

1000 

400 

100 

1 3 0  

7 0  

1700 l b s .  

1070 

1070 

--- 

2140 l b s .  

600 

4 4 4 0  l b s .  

I 652 lbs/KWe 

IMPROVED 
CURRENT 

800 

350 

100 

130 

7 0  

1 4 5 0  lbs. 

1070 

--- 

3 0 0  

1 3 7 0  

600 

3420 l b s .  

400 

200 

75 
105 

70 

- 

850 l b s .  

9 0 0  

--- 

240 

1140 l b s .  

200 

2190  l b s .  

503 lbs/KWe 322 lbs/KWe 
I 
I 



TABLE 2 

POWER CONVERSION UNIT WEIGHT ESTIMATE 

Component 

Structure, Latches, Disconnects 

Brayton Rotating Unit (BRU) 

Heat exchangers, recuperator 

Gas management system 

Signal conditioner, speed regulator, controls,etc. 

Waste cooling s y s t e m  (liquid) 

Insulation 

Total PCU Weight 

PCU packaging size: 33" x 55" x 66" 

*Redundancy required. 

Table 2 based on discussions with J. Klann, LeRC 

Weight (lbs) 

70 

140" 

520 

90 

100" 

50 

100 

1070 lbs. 
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